17β-Estradiol protects mesenchymal stem cells against high glucose-induced mitochondrial oxidants production via Nrf2/Sirt3/MnSOD signaling.
17β-estradiol (E2) is an important regulator of energy homeostasis and glucose metabolism, thus making it a potential target for preventing or treating metabolic disorders. However, the exact mechanism by which E2 affects high glucose-induced oxidative stress remains unclear. Therefore, the present study investigated the role of E2 in high glucose-induced mitochondrial reactive oxygen species (mtROS) production through estrogen receptor (ER)-mediated signaling in human umbilical cord blood mesenchymal stem cells (hUCB-MSCs) in vitro. In addition, the effect of hUCB-MSC transplantation on mouse skin wound healing induced by E2 in ovariectomized (OVX) diabetic mice in vivo was also studied. High glucose (D-glucose, 25 mM) increased mtROS production, resulting in increase of Beclin1 expression and the LC3-II/LC3-I ratio, leading to decreased cell viability. Conversely, E2 (10 nM) treatment significantly decreased high glucose-induced mtROS levels and subsequently restored cell viability, suggesting that E2 serves as a strong antioxidant. High glucose downregulated Nrf2 levels in nucleus, subsequently culminating in Sirt3 downregulation and manganese superoxide dismutase (MnSOD) acetylation. However, we found that E2 induces nuclear Nrf2 expression via interaction with ERα. The increased nuclear translocation of Nrf2 triggered Sirt3 upregulation and MnSOD activation, both of which play important roles in decreasing mtROS levels. Thus, the therapeutic effect of hUCB-MSC transplantation on skin wound healing in OVX diabetic mice was enhanced by E2 treatment compared with the findings in OVX diabetic mice treated only with hUCB-MSCs. In addition, blood vessels with well-developed branches were observed in OVX diabetic mice that underwent hUCB-MSC transplantation and E2 treatment compared with the effects of ERα siRNA-transfected hUCB-MSC transplantation alone. In conclusion, our results imply that E2 protects cells against high glucose-induced mtROS production and autophagic cell death through increasing nuclear translocation of Nrf2, which was followed by Sirt3 upregulation and MnSOD activation in hUCB-MSCs.